The Estimation of Aromatic Amidines By A. T. FULLER, National Institute for Medical Research, Hampstead, London, N.W. 3 (Received 21 October 1944) The investigation of a series of aromatic amidines possessing anti-typhus (Andrewes, van den Ende, King & Walker, 1944) and anti-bacterial (Evans, Fuller & Walker, 1944) actions made necessary a quantitative method for their estimation. When aromatic amidines are heated in alkaline solution with glyoxal, a complex series of coloured compounds is formed (Ekeley & Ronzio, 1935 , 1937 . A study of the effect of pH and the amount of glyoxal showed that heating the reactants at pH 12 gave a purple colour, but this was not sensitive enough for clinical use. While using different buffers it was found that sodium borate is a' catalyst for the reaction, and that in its presence at pH 9 a brilliant stable magenta colour was produced, in dilutions down to 1 in 100,000 of amidine. When the method had been in use for some time, a paper appeared describing a process of estimation also using glyoxal (Devine, 1944) . This uses the brown colour produced when an amidine is heated with a large excess of glyoxal (about 2000 times the amount used in the present method) in 0-6N-NaOH. It has the disadvantages that the glyoxal reagent is unstable and must be made up daily; that the conditions of heating (30 sec. in the boiling water-bath) are difficult to reproduce exactly; and that the colour is unstable and must be estimated irmnediately. It is, however, not so sensitive to variations in the amount of glyoxal used as the method to be described.
- The colour is maximal at 1-2 mol. of glyoxal/ molecule of amidine, and excess of glyoxal inhibits colour production. This is shown in Fig. 1 , which gives the colour production ('Spekker' absorptiometer readings) by V187 (p-methylsulphonylbenzamidine) with different amounts of glyoxal. Curve 1, 1 mg./100 ml.; curve 2, 2 mg./100 ml.; curre 3, 3-5 mg./100 ml.; curve 4, 5 mg./lOml.; curve 5, 7-5 mg./ 100 ml.; curve 6, 10 mg./100 ml. of V 187. Fig. 2 gives the 'Spekker' absorptiometer curves for fixed glyoxal and increasing amidine concentrations. These show a preliminary curved part, where excess of glyoxal depresses colour production, and a flattening out where the glyoxal is insufficient to combine with all the amidine. With the strongest glyoxal reagent (0-5 %), the preliminary curve is accentuated, while with the weakest (0-05 %) the curve soon flattens out. Only over a portion of the curve is the colour intensity proportional to the strength of the amidine. It follows that any one strength of glyoxal is suitable for only a limited range of amidine concentration. 0-1 % glyoxal was chosen as it gives maximum sensitivity with the lowest concentrations of amidine. It must be remembered that (1) if an intense reaction is obtained, 7-2 A. T.-FULLER the test must be repeated after dilution of the amidine in case the amount of glyoxal is insufficient for complete colour production, and (2) Estimation of V 187 in blood As an example of the estimation of an amidine, that of p-methylsulphonylbenzamidine (V 187) is described. This drug is slowly absorbed from -the gut, and is quickly excreted (Evans et al. 1944) , and blood amidine concentrations will be very low except in experimental conditions. This rapidity of excretion is partly explained by the presence of most ofthe drug in the plasma. When 20 mg./100 ml. were added to horse blood, 7 mg./100 ml. were present in the red cells and 34 mg./100 ml. in the plasma.
(a) For concentrations over 1 mg./lOO ml. Amidines are precipitated by many protein precipitants, and are also absorbed by filter paper. Tungstic acid, trichloroacetic acid, toluenesulphonic acid, metaphosphoric acid, and zinc hydroxide were all unsatisfactory as protein precipitants. Precipitation with methanol allowed some amidine to pass into the filtrate; ethanol was better, and isopropanol gave satisfactory recovery.
1 ml. of blood and 4 ml. of isopropanol are well mixed and filtered by gravity or suction. 2 ml. of filtrate are placed in a 6 in. x I in. tube, graduated at 2-5 ml., with 0-2 ml. of borate, 0.2 ml. of glyoxal reagent and a fragment of porous pot. The mixture is heated in a boiling water-bath for 10 min. Standards containing 0 5, 1-0 and-2-0 mg. of amidine/100 ml. are similarly treated. The contents of the tubes need heating carefully at first to avoid frothing. (This risk may be minimized by using tubes consisting of a 1-5 in. x 0*5 in. tube fused to a 6 in. length of 1 in. tubing.) When cool, the mixtures are acidified with a drop of 2N-HC1 and diluted to the mark with isopropanol. The acid and alcohol are necessary to dissolve the borates and fat. The alcohol is boiled off during the test to make the reaction more sensitive by increasing the boiling-point of the mixture and increasing the concentration of the feactants.
(b) For concentrations, under 1 mg./100 ml. (if the pigment i fluorescent). The pigments from V 187 and from some other amidines are fluorescent in ultra-violet light in acid solution down to 1 /Lg./ 100 ml. isoPropanolic extracts of blood cannot be used because they give a fluorescent blank, but dialyzed iron may be used for deproteinizing in a method similar to that of Devine (1944) . The correct strength of dialyzed iron necessary to precipitate the blood proteins without leaving excess must be found. In these tests, dialyzed iron (British Drug Houses, Ltd.) diluted to 70 % was found satisfactory. 1 ml. of blood, 3 ml. of water and 1 ml. of dialyzed iron are mixed and heated in a boiling water-bath with stirring until the mixture coagulates to a brownish mass (1 min.). It is spun down and filtered clear through a sintered glass filter. 2 ml. of filtrate, 0-2 ml. of borate and 0-2 ml. of glyoxal reagent are heated in the boiling water-bath for 10 min., along with standards made from 0-2, 0-02 and 0-002 mg./100 ml. Standards and unknowns are compared in a fluorimeter after making acid or alkaline according to the conditions under which the pigment is most fluorescent, and the results read off the standard curves.
Estimation in urine
The urine must be neutralized to thymol blue or phenolphthalein. If the content of amidine is unknown, it is tested undiluted and at 10-and 100-fold dilutions.
10 ml. of urine, 2-5 ml. of borate, and 1 ml. of glyoxal reagent are heated in the boiling water-bath for 10 min., cooled and acidified with 1 ml. of 2N-HCI. The suitable dilution is compared with a standard, and the dilution 100 I945 AMIDINE ESTIMATION necessary to give 2-3 mg./100 ml. is judged, and the test repeated with two dilutions either side of this.
As with most drugs, low concentrations of amidines cannot be estimated quantitatively in urine owing to the interfering substances present. On the average, 30 mg./100 ml. gave 65 %, 50 mg./100 ml. gave 75 % and 100 mg./100 ml. gave 85 % recovery.
The possibility of the excretion of conjugated amidines was not investigated.
Estimation in faeces
The sample is rubbed up with sufficient water and dilute acid (5 vol. or more) to give an easily flowing mixture acid to congo red, and is centrifuged. The extract is neutralized, mixed with 4 vol. of isopropanol and filtered. The estimation is carried out as for blood, but further dilutions may be necessary. This procedure is necessary in order to keep back chlorophyll and other isopropanol-soluble pigments.
Examples of the practicability of the method are described in the paper by Evans et'al. (1944) .
Estimation of propamidine The concentrations of this drug which can be tolerated in blood are too low to be estimated colorimetrically by this or Devine's method, and since the glyoxal pigment is not fluorescent, the question of estimation in blood does not arise. The conditions for getting maximal colour are similar to those for V 187, but the pigment is sparingly soluble in water, although soluble in dilute acetic acid. The method for urine is therefore slightly altered.
10 ml. of urine (and dilutions thereof), 2-5 ml. of borate and 1 ml. of glyoxal reagent are heated for 10 min. in a boiling water-bath, and while still hot, acidified with 2 ml. of glacial acetic acid. The pigment is estimated by comparison with standards, or on the Spekker absorptiometer. Estimation of stilbamidine Devine describes the estimation of stilbamidine, but does not give examples of analyses of actual blood samp[es. It is doubtful whether his method, or the present colorimetric -method, is sensitive enough to detect the blood concentrations met with in practice.
Stilbamidine itself is fluorescent, down to 0. 1 mg./ 100 ml., and a simple fluorimetric estimation on a dialyzed iron filtrate would therefore suffice for estimations down to 0-5 mg./100 xii. in blood. The pink glyoxal pigment is fluorescent in acid solution down to 0-01 mg./100 ml., and the general fluorimetric method will estimate stilbamidine in blood down to 0-05 mg./100 ml.
In urine or other aqueous solution, the colorimetric estimation is satisfactory. The glyoxal pigment is very sparingly soluble, even in dilute acetic acid, and so, after acidifying, an equal volume of ethanol is added to keep it in solution. RESULTS Table 1 gives the blood concentrations and Table 2 the rates of excretion of p-methylsulphonylbenzamidine (V 187) by guinea-pigs after receiving 100 mg. of the drug by^the intramuscular or oral route. The absorption and excretion of the amidine are rapid after an intramuscular dose, and slow and incomplete after an oral dose. The blood estimations on animals 4 and 5 were made by the fluorimetric method, and all the other tests by the colorimetric method. SUMMARY
The use of glyoxal in the estimation of aromatic amidines is described. I wish to thank Dr H. King and DrJ. Walkerforsupplying the compounds, and Dr D. G. Evans for the animal experiments. --10-4 3-1 -1-2 14-7 11-0 5-2 3-0 
